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Mr. Chairman and members of the subcommittee, I am the Director of the Lawrence
Livermore National Laboratory (LLNL). Our Laboratory was founded in 1952 as a nuclear
weapons laboratory, and national security continues to be our central mission. Livermore is
committed to maintaining confidence in the safety, security and reliability of the U.S.
nuclear weapons stockpile as a principal participant in the Department of Energy’s
Stockpile Stewardship Program. The Laboratory also contributes to national programs to
stem and counter the proliferation of weapons of mass destruction.

This testimony focuses on the Stockpile Stewardship Program—our activities and
accomplishments as well as the technical and programmatic challenges we face. It is a
progress report that includes success stories in a number of key areas and no major
setbacks. Stockpile stewardship without nuclear testing is working. Although we recognize
that the most difficult hurdles lie ahead, progress to date provides a basis for optimism that,
with sustained Administration and Congressional support, the program’s ambitious, long-
term goals are achievable.

INTRODUCTION

The maintenance of a safe and reliable stockpile is a supreme national interest of the
United States. On December 22, 1998, Secretary of Energy Bill Richardson certified to the
President that the nation’s nuclear weapons stockpile is safe, secure and reliable and that
there is no need at this time to conduct further nuclear tests. The Secretaries of Energy and
Defense have been able to provide such assurance each year since the formal inception of
the Stockpile Stewardship Program. As in all years since the beginning of the nuclear age,
certification of the health of the stockpile would not have been possible without a
combination of detailed, technical work and the expert judgment of scientists and engineers
in the nation’s nuclear weapons program.

Since 1992, the underpinning for expert judgment has been a combination of
experiments and computer simulations without the need for underground nuclear testing.
We have been able to certify the stockpile because of the care that went into the design of
the weapons in the enduring stockpile, the expertise residing in the technical staff at the
nuclear weapons laboratories, and the implementation of a program of scientific activities to
demonstrate weapon performance at the component level and provide reliable, integrated
assessments of overall performance. The stockpile is not stagnant; selected refurbishment
activities already have been required. The Department of Energy’s Stockpile Stewardship
Program is working—but I must caution it is also work in progress.
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The Stockpile Stewardship Program is making significant strides in preparing us for the
more difficult future that an ever-aging stockpile promises. The key to success is timely
acquisition of greatly enhanced experimental and computation capabilities and a high quality
manufacturing complex. The new capabilities, which are absolutely essential, are being
used by our experienced nuclear weapons designers and engineers to assess and respond to
stockpile issues that will grow more challenging. They also serve as a magnet to attract top-
notch new talent, they are used by our experienced staff to train the next generation of
stockpile stewards, and they are the tools for stockpile stewardship in the long haul.

The Stockpile Stewardship Program continues on its good start. We are basically on
schedule. We continue making considerable headway in developing a basis for
understanding aging effects in weapon materials. We are effectively using our existing
experimental tools and our greatly expanded computational capabilities to address current
stockpile issues through the development of a much improved fundamental understanding
of weapon performance. Efforts have included successful subcritical experiments at the
Nevada Test Site to better understand the properties of plutonium. In addition, the first
program to extend the stockpile life of a weapon system is on schedule. The first unit of the
refurbished W87 ICBM warhead has been processed by the Y-12 plant and final
reassembly is to be completed at Pantex by the end of the month. The first significant
modification of a weapon, the B61-11, has already entered into the stockpile. These
successes provide a basis for optimism about the program’s prospects for achieving its
ambitious goals.

We are also proceeding on schedule with the construction of both the National Ignition
Facility (NIF) at Livermore and the Dual Axis Radiographic Hydrodynamic Test Facility
(DARHT) at Los Alamos and with the acquisition of more powerful computers—all
crucially important to the long-term success of stockpile stewardship. This investment in
the new experimental and computational capabilities is needed to assess weapon
performance, assure the quality of refurbishment actions taken to extend the lifetime of
weapons, and train the next generation of stockpile stewards.

In January 1999, Livermore took delivery of the final elements of the 3.9-TeraOPS
IBM Blue Pacific supercomputer and scientists and engineers are already using the system
for stockpile stewardship applications. This new machine, and the one delivered to Los
Alamos this year, are the fastest and most capable supercomputers in the world. Program
plans call for an increase to 10-teraOPS performance in 2001 and much greater capability in
2004. Also this year, construction continued on the NIF at the Livermore site. Through
your support, nearly 66% of the total funding for the NIF project has already been
authorized. The NIF is on schedule and on budget. Major building construction is largely
completed and we are in the process of procuring and starting to take delivery of special
equipment. This $1.2 billion, 192-beam laser facility will provide the means for
investigating the thermonuclear physics of primaries and secondaries in nuclear weapons.
The NIF schedule calls for an initial capability by the end of 2001 and project completion
by the end of 2003.

The Stockpile Stewardship Program has greatly benefited from strong Congressional
support, effective integrated program planning and implementation, and the dedicated
efforts of the many people in the program, who are working as a team and achieving
significant technical accomplishments. We have also been fortunate that to date that there
have been no signs of catastrophic aging in stockpiled weapons. However, vigilance is
required because nuclear weapons age in very dynamic, not necessarily predictable ways.
As I have noted, the greatest challenges still lie ahead. To succeed stockpile stewardship
requires continuing support and adequate investment over the decade it takes to implement
the program.
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THE DOE STOCKPILE STEWARDSHIP PROGRAM

The DOE Assistant Secretary for Defense Programs has led the Department, its three
national security laboratories, four manufacturing plants, and the Nevada Test Site in the
development and implementation of the Stockpile Stewardship Program. It is a program
designed to ensure the safety and reliability of the U.S. stockpile in an era of no nuclear
testing, no new weapon development, a production complex with reduced capacity, and an
aging stockpile of fewer weapons and fewer types of weapons.

Confidence in the safety and reliability of the weapons is to be maintained through an
ongoing and integrated process of stockpile surveillance, assessment and certification, and
refurbishment:

• Stockpile surveillance: predicting and detecting the effects of aging and
other stockpile problems. With fewer types of weapons in the stockpile and reduced
capabilities and capacity in the production complex, we need to become more proficient at
early detection and identification of precursors of potential problems so that we have
adequate time for thorough evaluation and action before problems affect stockpile safety
or reliability. Major efforts are under way to enhance surveillance capabilities.

• Assessment and certification: analyzing and evaluating effects of changes
on weapon safety and performance. The Stockpile Stewardship Program includes
a comprehensive set of activities to address issues that arise from stockpile surveillance
and to evaluate the significance of observed and predicted aging processes. Assessments
provide the foundation for formal certification of the stockpile and refurbishment
decisions. When modifications are deemed necessary, we must assess options for
refurbishing or replacing specific warhead components as well as new production and
fabrication processes and materials. Modification actions must then be certified.

• Refurbishment: refurbishing stockpile weapons and certifying new parts,
materials, and processes. Weapon refurbishment is a particularly demanding
challenge because we cannot rebuild many weapons components exactly as they were
manufactured. In many cases, the materials or the manufacturing processes originally
used are no longer available or are environmentally unacceptable. Production quality
assurance must be provided by new assessment and certification processes that do not
include nuclear testing.

Integrated Program Management and Execution

Integrated program management and execution is critical to the success of the Stockpile
Stewardship Program. The three major program elements—surveillance, assessment, and
refurbishment—are tightly interconnected, as are the activities of the three laboratories, the
production plants, and the Nevada Test Site. A detailed implementation plan, referred to as
the “Green Book,” specifies roles and responsibilities within the program and defines the
capabilities needed for stockpile stewardship without nuclear testing. As a living document,
the Green Book is undergoing its fourth revision this year. It is updated and improved as
the laboratories and plants continue to refine comprehensive life-extension plans for each
weapon system in the enduring stockpile. These plans integrate surveillance, assessment,
and life-extension manufacturing activities for each weapon system, and (to the extent
possible) time-phase all activities to balance the workload.

The Stockpile Stewardship Program entails substantial partnerships among the
laboratories and among the laboratories, the production plants, and the Nevada Test Site. It
is an integrated effort requiring the special capabilities and the unique facilities at each site
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in the complex. Livermore has major responsibilities within the program. We are the design
laboratory for the W87 and W62 ICBM warheads, the B83 bomb, and the W84 cruise
missile warhead. Our nuclear weapon designs are in two legs of the strategic triad and,
overall, comprise three of the eight weapon systems scheduled to remain deployed in the
next century.

The Laboratory also operates for the integrated complex a number of state-of-the-art
experimental and computer facilities that are essential for stockpile stewardship. In
addition, as one of the two nuclear design laboratories, Livermore shoulders essential
responsibilities in formal revalidation and certification activities for all nuclear weapon
systems in the stockpile. In the absence of nuclear testing, revalidation and certification
depend on formal review of the technical assessments performed by program personnel.
The process is greatly strengthened through the use of expertise and capabilities at each of
the laboratories and independent evaluations—often referred to as “peer review.”

ACCOMPLISHMENTS—IN STOCKPILE SURVEILLANCE

Our stockpile surveillance efforts focus on Livermore designs in the stockpile. We are
preparing detailed archives of existing test data and using very modern instrumentation to
obtain even more precise physical data on stockpiled weapons for use as a baseline to
identify anomalies in aging weapons as they occur.

More generally, we are improving the sensors and techniques used to inspect all
stockpiled weapons. For example, Livermore is developing high-resolution x-ray
tomography for imaging weapon pits, solid-phase microextraction technologies for
nonintrusively collecting and analyzing chemicals in sealed weapon components, and high-
energy neutron radiography for nondestructively detecting small voids and structural
defects in weapon systems. Working with Y-12, AlliedSignal, and Savannah River, we are
also pursuing ultrasonic technologies for the nondestructive evaluation of bonds in weapon
components and microsensors for evaluation of materials degradation and corrosion in
weapon systems.

In addition, Livermore’s stockpile surveillance activities build the scientific base and
develop capabilities to better understand aging effects in stockpiled weapons. Aging affects
the physical characteristics of materials, and we must determine how these changes impact
weapon safety and performance. With a better understanding of aging, our stockpile
surveillance can be more predictive, making possible systematic refurbishment and
preventative maintenance activities to correct developing problems.

Experiments, Theory, and Modeling to Better Understand Plutonium

One of the major success stories of the Stockpile Stewardship Program is the
significant improvement we are making in understanding the properties of plutonium. This
is a very important issue to us—we need to understand aging in plutonium and the effect of
aging-related changes on the performance of an imploding pit of a stockpiled weapon. The
required capacity of the production complex depends on the anticipated lifetime of
plutonium pits in the stockpile. An accurate assessment is necessary. If we underestimate
the lifetime of pits, we may overinvest in facilities to remanufacture plutonium parts. If we
overestimate the lifetime of pits, the nation could find itself critically short of capacity for
plutonium operations when it is vitally needed. And, because of the long lead times
required to increase capacity, critical decisions need to be made soon.
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Plutonium is a comparatively stable material in weapons; however, its properties are
among the most complex of all the elements. To study the subtleties of plutonium, we have
combined advances in theoretical modeling of plutonium with the use of many advanced
non-nuclear research tools made available through Stockpile Stewardship Program
investments. Livermore’s efforts include accelerated plutonium aging tests and subcritical
experiments at the Nevada Test Site to investigate the properties of plutonium shocked and
accelerated by high explosives. In addition, we carry out various types of laboratory
experiments to study the microstructure of plutonium, together with computer simulations
of plutonium at the atomic and molecular scales.

Accelerated Aging of Plutonium

Working with colleagues at Los Alamos, we are preparing to carry out accelerated
aging tests to help us assess the performance of plutonium pits much older than those now
in the stockpile. By using a mixture of isotopes of plutonium different than that used in
weapons-grade plutonium (by partial replacement of Pu239 with Pu238), we are able to create
a “spiked” material that ages about 10 times faster than the plutonium in weapon pits.
Because Pu238 decays much faster than the replaced Pu239, we will be able to accelerate the
rate of self-irradiation damage, which is a key factor in aging. Through a series of
sophisticated tests, we will periodically measure the properties of the accelerated-aging
plutonium samples as they age up to and then beyond the oldest plutonium in the stockpile.
The results can be compared with the properties of stockpile material and provide a basis
for projecting the future performance of plutonium in stockpiled weapons.

We plan to make the first batch of accelerated-aging plutonium in FY 1999. A suite of
experimental tests has been selected that measure changes induced by aging through use of
equipment already in place at either Livermore or Los Alamos and non-nuclear experiments
at the Nevada Test Site. The program is designed to make best use of the resources
available at each facility. We will be monitoring potential changes in density, phase
stability, and equation of state, as well as other factors. Results will be used in design
analyses to assess the potential impact on the performance of weapons.

Subcritical Experiments

Livermore conducted its second subcritical experiment (Bagpipe) at the Nevada Test
Site in September 1998 and its third experiment (Clarinet) in February 1999. Both
experiments were very successful. They were designed to study the behavior of plutonium
when it is shocked and accelerated by high explosives. Matter can be ejected from the free
surface of materials that undergo shock. We are conducting a series of experiments to
characterize ejecta, which is thought to affect the performance of primaries in weapons.
Performance is being studied as a function of plutonium age as well as surface finish and
manufacturing technique. Results will affect estimates of pit lifetime and decisions about
future production of replacement pits.

Clarinet, in particular, was designed to characterize ejecta differences between new and
aged plutonium using two equivalent sets of measurements. One of the experiments used a
piece of wrought plutonium from an over-30-year-old sample; the second used a new piece
of wrought plutonium manufactured with the same specifications. The two experiments
were executed simultaneously and measurements were taken to determine ejecta particle
size distributions and infer ejecta mass/velocity distributions.
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Laboratory Experiments and Modeling

As a complement to the accelerated-aging work and the subcritical testing, fundamental
experimental research is under way on plutonium alloys (and surrogate materials) to allow
us to accurately and reliably predict the consequences of self-irradiation on the material’s
microstructure. These experiments are aimed at validating a predictive molecular dynamics
model of radiation-induced microstructural changes, which is under development in a
parallel effort. The completed code, based on fundamental physical principles, provides a
complete picture of alpha-decay (and other heavy-ion) radiation damage to material lattices,
as well as annealing processes and the longer-term resultant microstructural evolution.
These important modeling and experimental efforts to understand plutonium aging effects
are supported by Laboratory-Directed Research and Development funding.

The Plutonium Facility at LLNL

In these investigations of the properties of plutonium and its aging, the Plutonium
Facility at Livermore is serving as a valuable complement to the TA-55 facility at Los
Alamos. Livermore’s Plutonium Facility will be participating in the preparation of
accelerated-aging plutonium samples and subsequent measurements of properties. In
support of stockpile stewardship, the facility is also being used to prepare plutonium
samples for Livermore’s subcritical tests, to investigate technologies for remanufacture of
plutonium parts in Livermore-designed weapons, and to conduct other fundamental physics
and engineering experiments using plutonium. In addition, as part of the DOE’s
nonproliferation efforts, the facility is central to the multi-laboratory Plutonium
Immobilization Program to develop means for disposing excess U.S. plutonium.

Aging Effects on High Explosives and Other Organic Materials in Weapons

Modern nuclear weapons consist of precision manufactured components made from
highly reactive metals such as plutonium and uranium as well as organic compounds. High
explosives, adhesives, and various structural parts consist of organic materials. Many of
these organic materials are very stable under benign conditions. However, material
breakdown occurs from exposure to radiation, higher than normal temperatures, and gases
that accumulate over time in a hermetically sealed weapon environment. The aging of
organic materials—particularly high explosives—is important to the safety and performance
of stockpiled weapons. Through a variety of complementary activities in the enhanced
surveillance program, we are investigating the effects of aging on high-explosive materials.
In particular, we are enhancing capabilities to detect environmentally driven changes in
aging high explosives, working to simulate aged explosives, and assessing the safety and
reliability of stockpile-aged high-explosive materials. To date we have found that the high
explosives used in Livermore-designed systems are very stable.

ACCOMPLISHMENTS—IN ASSESSMENT AND CERTIFICATION

Assessments of the performance of stockpiled weapons and modification actions must
be demonstration-based—that is, grounded on existing nuclear test data, component-level
experiments and demonstration, and simulations using detailed, validated computer
models. We are engaged in a balanced and integrated program of computational simulation,
fundamental scientific research, and experiments. Non-nuclear experiments are used to
assess weapon component performance. Together with past nuclear test results, they also
are used to validate computer simulations, which rely heavily on fundamental scientific
research as a source of data and a basis for the detailed physics models in the codes. Once
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validated to the extent possible, weapon physics simulations guide our judgment about
integral stockpile issues.

In many stewardship activities this year, we have successfully combined past nuclear
test data and non-nuclear experimental results with our most sophisticated computer models
and advances in theory to attain a firm scientific foundation for our assessments. Annual
certification of the stockpile and dual revalidation, a very thorough multiyear evaluation of
each weapon in the enduring stockpile, are fully reliant on the laboratories’ assessment
capabilities. Each laboratory takes novel—and at times, very ingenious—experimental
approaches to examine specific issues and uses its own computer models for assessment.
We are greatly encouraged by the intellectual vigor of the independent assessment
approach, as well as the high level of inter-laboratory cooperation and data sharing the
process is fostering. Demonstration-based assessments also underpin Livermore’s W87
stockpile life extension work, which is discussed later.

Stockpile Certification and Dual Revalidation

Formal review processes for certification of weapon safety and reliability in the absence
of nuclear testing have been established as part of the Stockpile Stewardship Program. It is
essential that judgments and decisions made by the stockpile stewards are credible among
themselves, to DoD and others in the nuclear weapons community, and to the
Administration and Congress. In December 1998, we completed the third annual
certification of the stockpile for the President and were able to conclude that the nation’s
nuclear weapons remain safe and reliable.

Annual certification is based on technical evaluations made by the laboratories and on
advice from the three laboratory Directors, the Commander in Chief of the Strategic
Command (CINCSTRAT), and the Nuclear Weapons Council. To prepare for annual
certification, our laboratory collects and analyzes all available information about each
stockpile weapon system, including physics, engineering, and chemistry and materials
science data. This work is subjected to rigorous, in-depth review by managers and
scientists throughout the program.

In addition to annual certification we have developed in consultation with DoD a dual
revalidation process to examine in detail over a two to three year period each warhead
design in the stockpile. The W76 warhead is the first system undergoing dual revalidation
and the process is nearing completion for that warhead. We have also established with DoD
new procedures for recertifying weapons after life-extension refurbishment activities.

Hydrodynamics Experiments and Modeling to Probe Primary Performance

Hydrodynamics testing is the most valuable experimental tool we have for diagnosing
device performance issues for primaries in stockpiled weapons. Through hydrodynamics
experiments conducted at Livermore’s Site 300 weapon scientists are able to characterize
the energy delivered from the high explosives to a mock pit, the response of the pit to
hydrodynamic shocks, and the resulting distribution of pit materials when they are highly
compressed. These three pieces of information are critical for baselining weapons,
certifying stockpile performance, and validating hydrodynamics simulation codes.

Over the past decade, we have made tremendous advances in the development of
diagnostics capabilities and experimental techniques used in hydrodynamic testing. We are
now able to gather far more revealing data from hydrodynamic tests than was possible
when we developed the weapons that are now in the stockpile. For example, the upgrades
we have made to Livermore’s Flash X-Ray facility and the development of a gamma-ray



- 8 -

camera have dramatically improved our ability to conduct “core punch” experiments. In
these experiments, scientists use high-energy radiography to record a digital image of the
detailed shape of the gas cavity inside the pit when it is highly compressed.

In 1998, the first core punches were carried out for two important stockpile primary
devices: the W76 SLBM warhead (a Los Alamos design) and the B83 strategic bomb. For
the Dual Revalidation Program, Livermore is characterizing the hydrodynamic and nuclear
performance of the W76. As part of the effort, we worked with the Navy and Los Alamos
to acquire parts and used the Flash X-Ray facility and gamma-ray camera to obtain the first
ever late-time image of the gas cavity of this device (with a tantalum surrogate pit). The
resulting radiograph was exceptionally high in its quality. Also, the agreement between the
data and our pre-shot calculation was excellent.

Imaging the B83 was a challenge because of the device’s physical attributes. We
succeeded in the first ever core punch experiment on the B83. The image was comparable
in quality to earlier film-recorded core punch images taken for other devices. Again, there
was excellent agreement between the data obtained and our pre-shot calculation.

High Energy-Density Weapon Physics Calculations and Experiments

To determine the performance of thermonuclear weapons, we need to be able to
accurately model how various types of radiation interact with their surroundings. The
fundamental physical processes are particularly complex in the dynamic high energy-
density conditions present during the functioning of a weapon. Materials behave very
differently at star-like pressures and temperatures. Modeling performance is made even
more difficult by the fact that many of the issues we need to consider are inherently three
dimensional. Weapons have been designed as one- or two-dimensional objects but they age
three dimensionally. Furthermore, problems that could arise in weapons (e.g., cracks or
other irregularities) are also typically three dimensional. High-fidelity three dimensional
modeling demands the computing power that the Accelerated Strategic Computing Initiative
(ASCI) promises to deliver. It also demands experimental capabilities that can be used to
generate data to validate the models.

Three-Dimensional, Time-Dependent Radiation Transport Calculations

With the ASCI capabilities that have already been delivered to Livermore, we can now
perform radiation-transport simulations that were impossible just two years ago. Over the
past year, we completed the first time-dependent, radiation transport calculations in the
three-dimensional geometry of an actual experiment, which was performed using the Nova
laser. (The Nova laser has only very limited capability for such experiments, so our ability
to generate useful validation data will greatly increase when the National Ignition Facility
becomes available.) To model the experiment, roughly 500 million “unknowns” had to be
solved for every time step in the calculation. The model ran for five days on ASCI Blue-
Pacific Initial Delivery machine that came on-line in early 1997. Although some differences
were noted, the calculated distribution of radiation over time compared well with the
experimental data. We are now able to run much larger problems much faster. The most
detailed stockpile stewardship calculation yet made was recently carried out on the newly-
delivered 3.9-TeraOPS computer, took over 10 days to run, and provided results of much
higher quality than that previously attainable.

The size and complexity of our initial three-dimensional, time-dependent radiation
transport calculations are several orders of magnitude from where we need to be for more
demanding stockpile stewardship calculations. The ASCI program promises—and has
already delivered—considerable improvements in hardware. We also need fundamental
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innovations in algorithms. Software development efforts are central to the ASCI program
and to ASCI’s Academic Strategic Alliances Program (ASAP), which aims to establish
large-scale computational simulation as a viable methodology in science and engineering
and to accelerate advances in key technology areas.

High Energy-Density Physics Experiments to Validate Models

Since the Nova laser at Livermore began operation in 1985, experiments at the facility
have supported the nuclear weapons program. Nuclear detonations produce very high
energy densities. Nova is able to approach such high energy densities, albeit only
momentarily in very small volumes. Hence, it has been useful for generating data and
validating simulation codes near—but not quite at—weapon physics conditions.

In addition to the radiation transport experiments mentioned above, we have used Nova
to learn how matter behaves at high energy-densities by shock compressing materials to
experimentally determine equations-of-state at high pressure. For example, in a recent
series of award-winning experiments, we made some surprising discoveries about the
behavior of hydrogen at extremely high pressures. We also have conducted carefully-
diagnosed experiments studying turbulent flow and mixing, which is an important factor in
understanding the operation of weapons. Furthermore, we have used Nova to measure the
opacity of materials—how easily the material can transmit radiation—because the data is
important to nuclear weapons performance.

The Nova laser will cease operations in June 1999 as we prepare to bring on-line the
National Ignition Facility (NIF), which is described in more detail below. The NIF, which
will be used to demonstrate fusion ignition in the laboratory for the first time, will provide
much greater capability to perform the types of experiments just described—it is capable of
delivering 2 million joules of laser energy (and 500 trillion watts of power) as compared to
40 thousand joules in a typical Nova experiment. Until NIF operations begin in 2001
(albeit not initially at full capability), we plan to use the Omega laser at University of
Rochester to conduct high energy-density experiments. Omega is roughly comparable to
Nova in its ability to deliver energy to target. In 1998 we began a series of radiation
transport experiments using the Omega laser that will serve as tests of our best computer
models.

ACCOMPLISHMENTS—IN STOCKPILE REFURBISHMENT

Livermore is the design laboratory for four weapon systems in the stockpile: the W87
and W62 ICBM warheads, the B83 bomb, and the W84 cruise missile warhead. They are
expected to remain in the stockpile well past their originally anticipated lifetimes; the W62
already has. We are developing comprehensive plans to extend the stockpile life of the
Livermore-designed systems. To this end, significant effort is being expended on their
surveillance, maintenance, and selective refurbishment.

In stockpile refurbishment activities, the laboratories and plants must work closely
together to integrate the development of replacement components with the development of
new materials and manufacturing processes. To lower costs and environmental impact,
refurbishment can make use of modern production technologies and incorporate major
technical advances that have occurred since the weapons were first manufactured. Our
focus is on technologies that are flexible and high quality (to provide defect-free production
in a capacity-limited complex) and that use modern commercial methods wherever possible.
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W87 Life Extension Program

The objective of Livermore’s W87 Life Extension Program (LEP) has been to enhance
the structural integrity of the warhead so that it may remain part of the enduring stockpile
beyond the year 2025 and will meet anticipated future requirements for the system. The
W87 warhead/Mk-21 reentry vehicle (RV) is a candidate for a single RV option for the
Minuteman III ICBM. It is the most modern and safe U.S. nuclear warhead. It incorporates
the most modern safety features: Insensitive High Explosive, a Fire Resistant Pit, and an
Enhanced Nuclear Detonation Safety architecture.

The W87 LEP is on schedule. We have completed all development activities, which
have included flight testing, ground testing, and physics and engineering analysis. As part
of the test program, full-scale mockups of the refurbished W87 warhead were subjected to
the equivalent of a thirty-year lifetime of extreme environments that a stockpile warhead
might see. Then the units were disassembled and inspected for damage. High-fidelity flight
tests, incorporating the latest technological advances in onboard diagnostic instrumentation
and telemetry, provide added confidence in the reliability of the design modifications.

In 1998, we achieved all planned major milestones, including completion of final
assessment testing and analysis and certification of production processes. No additional
nuclear testing of the W87 is required to prove system reliability after the refurbishment.
Assessment of nuclear performance is based on computer simulation, past nuclear tests,
and new above-ground experiments that addressed specific physics questions raised by the
proposed alterations and computer simulations. The first production unit is to be completed
at the Pantex Plant by the end of the month and the final production unit in 2003.

New precedents and procedures have been established with the W87 LEP, which is the
first of what promises to be a series of life extension activities within the Stockpile
Stewardship Program. In many respects, the program is being managed the way
development programs had been managed in the past for new warhead designs. Activities
have been coordinated by a Joint DoD/DOE Working Group under the direction of the
Nuclear Weapons Council. What is different is that a very extensive technical review
process was established to certify the design changes in the absence of nuclear testing. It is
a three-tiered review process, which has been followed at each major milestone in the
program. First, Livermore conducts extensive internal review. Second, DOE conducts its
own technical review, incorporating peer review by Los Alamos. Thirdly, DoD conducts a
review supported by appropriate technical advisors. This review process will be repeated to
certify the refurbished warheads before the first shipment later this spring to support initial
operational capability (IOC). The Livermore and DOE reviews will lead to a Major
Assembly Release (MAR) document and a supplement to the W87 Final Weapon
Development Report. These documents release custody of the warhead to the Air Force and
certify it. The DoD review will be conducted by the Design Review and Acceptance Group
(DRAAG), chaired by the Air Force.

Advanced Design and Production Technologies

As part of the Advanced Design and Production Technologies (ADaPT) initiative, the
Laboratory is teaming with the plants to develop and provide greatly improved
manufacturing technologies for stockpile refurbishment and life extension of weapon
systems. We see major opportunities to introduce advanced manufacturing technology,
improve production yields, and greatly lower costs in the long run. As part of our
commitment, we have signed cooperative agreements with Savannah River and Pantex to
develop and transfer technologies in areas of mutual interest more efficiently. We also have
forged partnerships on production issues with the Y-12 and Kansas City plants, and we are
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working with TA-55 at Los Alamos on plutonium-part production technologies that reduce
cost, hazardous waste generation, and radiation exposure to workers.

One prominent example is the use of an ultra-short-pulse laser for precision cutting.
The technology, which earned an R&D 100 Award in 1997, originated in the Inertial
Confinement Fusion program at Livermore and was further developed through Laboratory-
Directed Research and Development funding. In 1996, working with personnel from Y-12,
we demonstrated the feasibility of using lasers to cut high-value parts in the W87 warhead
in a better way than prior methods. Subsequently efforts led to the design and development
of a fully functional, plant-environment-compatible machine tool, the Laser Cutting
Workstation. That machine tool passed acceptance testing in July 1998 and was delivered
to the Y-12 plant in October 1998. The Laser Cutting Workstation has general applicability
to several stockpile systems and refurbishment programs.

We also demonstrated for the first time use of the laser system as a safe and precise
way for cutting high explosives. With its ultrashort pulse, the laser does not heat materials
as it cuts, so it minimizes the amount of material lost and damage to surrounding material in
the cutting operation. Pantex is very interested in further development of laser cutting for
high-explosive applications. Additional experiments are now under way at Livermore’s
High Explosives Applications Facility that are testing the technology using larger quantities
of high explosives. Moreover, laser cutting is widely applicable for high-precision
machining and is being developed, for example, for use in the aerospace industry.

ACCOMPLISHMENTS AND CHALLENGES—NEW CAPABILITIES

As I have already emphasized, assessments must be based on scientific and engineering
demonstration to be credible. In the absence of nuclear testing, we rely on data from past
nuclear tests as a benchmark, component-level experiments and demonstration, and
advanced simulations for an integrated assessment of weapon performance and safety. This
approach has enabled us to successfully address stockpile issues that have emerged to date.
However, as the stockpile ages, we anticipate that more difficult assessment issues will
arise. In addition, it is possible that, as in past cases, design and production flaws will be
discovered in systems that have been in the stockpile for some time. These realities drive
the Stockpile Stewardship Program’s investments in much more capable experimental
facilities, such as the National Ignition Facility and the Dual Axis Radiographic
Hydrodynamic Test Facility, and greatly enhanced numerical simulation tools developed
through the Accelerated Strategic Computing Initiative.

The Accelerated Strategic Computing Initiative

The Accelerated Strategic Computing Initiative (ASCI) is greatly advancing our ability
to computationally simulate the performance of an aging stockpile and conditions affecting
weapon safety. Although it will take more than a decade to achieve ASCI’s long term
goals, the initiative is designed to deliver significant new capabilities at a steady pace
throughout the decade in support of stockpile stewardship. To make the needed major
advances in weapons science and weapons simulation code technology, Livermore, Los
Alamos, and Sandia national laboratories are obtaining from U.S. industry dramatic
increases in computer performance and information management. The ASCI program is
integrating the development of computer platforms, simulation applications, and data
management technologies.

We began taking delivery of ASCI platforms in September 1996 as part of the Blue-
Pacific partnership between the Laboratory and IBM. The Laboratory has benefited from
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the installation of a series of more capable systems since that time, leading to the delivery of
the 3.9-TeraOPS system (3.9 trillion operations per second) in December 1998. We have
been using the increasing capabilities with great success. ASCI Blue Pacific machines at
Livermore have already performed very detailed calculations of 3-D phenomena long
suspected of having a major influence on weapon performance which simply could not be
addressed prior to the ASCI program. In addition, simulations on ASCI platforms are
helping to provide the basis for assessments for the W76 dual revalidation effort and the
program to extend the lifetime of the W87. We have also used advanced simulation codes
and the enhanced computing power to study high-explosive safety issues, evaluate
requirements for Inertial Confinement Fusion capsule manufacture, and greatly improve
our understanding of the properties of plutonium and other materials. In addition, ASCI
Blue Pacific capabilities provide a testbed to demonstrate that key algorithms in our weapon
simulation codes are scalable—they will speed up as anticipated as we move to thousands
of parallel processors.

ASCI Blue Pacific Partnership Provides a 3.9-TeraOPS System

At Livermore, we have just taken delivery of the final elements of a 3.9-TeraOPS
system. Acquired as part of the ASCI Blue-Pacific partnership with IBM, the machine
exceeded contractual performance requirements when first operated in September 1998 and
hardware delivery was completed six months ahead of schedule. The machine is a hyper-
cluster of 1,464 nodes hooked together by a multiple-stage hierarchical network. Each node
is a 4-way shared memory multiprocessor with its own operating system and local disk. In
total, the 3.9-TeraOPS supercomputer is 15,000 times faster than the average desktop
personal computer. Furthermore, the machine has over 2.6 trillion bytes (terabytes) of
memory—80,000 times more than the average desktop personal computer—and could
store all of the books in the Library of Congress. The system includes 17.3 terabytes of
local disk memory and 62.5 terabytes of global disk memory.

State-of-the-art software, provided by IBM, harnesses this hyper-cluster of shared
memory multiprocessors into a single system. Results obtained so far emphasize the
versatility and capability of the new platform. In the first month after delivery of the first
488 nodes (one third of the overall configuration), the supercomputer pushed back the
frontiers of science in a number of areas important to stockpile stewardship: three-
dimensional turbulent hydrodynamic calculations, quantum simulations of chemical bonds
of thousands of atoms, molecular dynamics simulations of huge systems of atoms, and
calculations of neutron flux through structures.

For example, quantum molecular dynamics calculations were performed to study the
intermolecular interactions of the detonation products of insensitive high explosives—a
good illustration of our efforts to achieve high fidelity models for weapon performance.
Computer simulation is the preferred method for investigating these intermolecular
interactions because one of the detonation products, hydrogen fluoride, is a highly
corrosive material and not readily amenable to experimentation. Quantum molecular
dynamics models simulate the behavior of materials at the microscopic level, the only input
being the types of atoms and the laws of quantum mechanics. The computer serves as a
virtual laboratory where one can follow the trajectories of atoms as electrons form and
break chemical bonds. The simulations involved 600 atoms, with 1,920 electrons,
described at a very accurate level of quantum mechanical theory.
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A 10.2-TeraOPS System in FY 2000

The next major delivery in the partnership with IBM will be a 10.2-TeraOPS system to
arrive at Livermore in FY 2000. This machine will be based on the next-generation IBM
processor, node, and switch technology and will constitute another dramatic leap in
performance. Besides the high peak computation rate, the machine will feature 4.0
terabytes of main memory. In addition, the system has 10.0 terabytes of local disk memory
and 142.5 terabytes of global disk memory. Initial capability demonstration for this system
is scheduled for March 2000 and delivery begins in June 2000.

When the 10.2-TeraOPS system is fully operational, the building in which it will be
installed, Building 451, will draw more than 3.0 megawatts for power, cooling, and
mechanical equipment. Building 451, formerly home for the National Energy Research
Supercomputer Center, is undergoing necessary modification, including a doubling of the
power to the building, replacement of air conditioning units, and extension of the computer
floorspace by 8,000 square feet. Siting preparation for the system will be complete by June
1999.

The Terascale Simulation Facility (TSF)

The Terascale Simulation Facility (TSF) is about creating a simulation environment
rather than just a very large, but traditional, computer center. The change in concept from
“computing” to “simulation” is fundamental. The latter entails the development of a
seamless partnership between the ability to generate terascale quantities of data and the
ability to assimilate the information and make it accessible to the human eye and mind. The
scientific applications being developed today promise an unprecedented level of physical
and numerical accuracy. This level of accuracy and a sophisticated supporting environment
to visualize simulation experiments are required by ASCI for stockpile stewardship to
succeed. Simulation, in this sense, which includes detailed visualization, represents a
fundamental conceptual shift that dictates the scope and timeline for the proposed TSF.

Expansion of Livermore’s computing power beyond the 10-TeraOPS platform will
require such a new facility. The technical objective is to construct a complex to house and
coordinate two complementary elements: (1) the most advanced computers available,
aggregated in configurations such that their capability, physical size, and power
requirements will be unequaled outside of the Stockpile Stewardship Program; and (2)
tools for the management, transmission, and comprehension of the vast data sets generated,
referred to as Data and Visualization Corridors. Plans for the TSF have been developed and
a Conceptual Design Report has been approved. Construction requires a FY 2000 line item
authorization of $8.0 million. The estimated total cost of the facility is $83.5 million and,
with timely funding, TSF will be completed late in 2004. About 24,000 square feet of the
machine room (of the 48,000 square feet planned) will be available and fully equipped to
accept an ASCI-scale system as early as August 2002.

Design of the TSF is driven primarily by power and space requirements for future
generation ASCI-scale computers. Between of 6 and 8 megawatts are required to run the
system and an additional 4 to 5.5 megawatts are required for cooling. The building will
also house the growing staff of computer and physical scientists that support the computers
or work on research and development projects such as the Data and Visualization Corridors
necessary for assimilating terascale data sets.
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The Assessment Theater

ASCI applications use extremely high-resolution (and growing) models—as large as
tens of billions of cells—and generate vast amounts of raw data that can overwhelm
scientists. The ASCI Problem Solving Environment project entails activities at the
laboratories and with university partners to improve visualization and data management
tools. This area is broadly called Data and Visualization Corridors (or DVCs). We are
combining high performance storage and networking with a visualization architecture that
allows interactive exploration of large quantities of data. Tools are being developed to
interactively navigate the generated data and select subsets to analyze. Improved
visualization of ASCI-generated data is offered by Livermore’s new Assessment Theater, a
user interface of the DVC. The theater includes state-of-the-art projectors to achieve
extremely high resolution and superior image quality on a 3,840 x 3,072-pixel screen (to
increase to 6,400 x 3,072 in FY 2000). The Assessment Theater is connected to the
Livermore Computing complex via the Laboratory’s fiber optics infrastructure. The theater
provides opportunities for weapon scientists to visualize the results of ASCI calculations
and for visualization researchers to experiment with capabilities that are among the best in
the world.

The National Ignition Facility

Construction is under way at Livermore of the National Ignition Facility (NIF), a $1.2
billion facility housing a 192-beam laser and associated experimental capabilities. The NIF
is a cornerstone of the Stockpile Stewardship Program. It will be the only facility capable
of well-diagnosed experiments to examine fusion burn and study the thermonuclear
properties of primaries and secondaries in nuclear weapons. Advanced computer models
being developed for stockpile stewardship need to be tested in the physical conditions that
only the NIF can provide.

Groundbreaking for the NIF, which will be by far the world’s largest laser, occurred in
May 1997. I am pleased to report that NIF construction is on budget and on schedule for
completion in 2003. If you tour the Livermore site this month you would see the completed
football-stadium-size building frame. In less than three years from now, there will be a
state-of-the-art laser facility already contributing to stockpile stewardship after the first 8
laser beams have been installed.

Procurement of special equipment is under way, building on critically important
partnerships forged with U.S. industries to ensure that equipment based on the advanced
technologies needed for the NIF can be delivered on budget on time. In particular,
partnerships with industry have been pursued to develop mass-production techniques and
assure the production quality of large-aperture, high-precision optical components.
Enabling technology advances range from methods for rapid growth of superior quality
crystals that weigh over 500 pounds to interferometers that can measure the accuracy of
optical surfaces to about the width of an atom.

New production lines have been installed in companies in Fremont, CA, Duryea, PA,
Middlefield, CN, and Richmond, CA, that will mass produce at very reasonable cost the
large, high-precision laser glass needed for the NIF. The new manufacturing processes
being used to support the NIF project will reduce the cost of large, precision optics for
other applications by a factor of three and will increase production capacity by more than a
factor of ten. More generally, with about 75% of funding planned to go to industry, the
NIF project is also broadly affecting companies involved in integrated-circuit
manufacturing, computer controls, diagnostics, power system components, high-voltage
technology, high-speed digital transmission, and precision parts fabrication. The new



- 15 -

technologies and processes being developed will be available to our industrial partners for a
wide range of commercial and DoD uses after NIF needs are met.

We are partnering with the French on laser technology underpinning our respective
projects in a way that reduces the risk of technological problems for future lasers. The
French are currently constructing an 8 beam laser and planning larger systems with
technology similar to that of our NIF. Our partnership has been critical to establishing and
meeting the goals for both nation’s laser projects. The British are also considering more
active participation in NIF activities.

Through your support, nearly 66% of the total funding for the NIF project has already
been authorized and appropriated. To keep the NIF on schedule and within cost, $248.1
million in construction funds need to be obligated in FY 2000. In addition, $5.9 million in
operating funds (included in the Inertial Confinement Fusion Program request) are needed.
In terms of overall budget, over 87% of the funds will be committed by the end of FY
2000. The NIF schedule calls for an initial capability by the end of 2001. Weapon physics
experiments will be conducted using the first bundle of 8 laser beams to be installed, which
will provide a capability equivalent to approximately twice that of Nova. Half of the 192
beams will be available for use in experiments at the end of 2002 and project completion is
scheduled for the end of 2003.

The NIF construction has proceeded on schedule because the full funding requested has
been provided in a timely fashion. To prepare for NIF operations, certain Inertial
Confinement Fusion (ICF) Program activities, such as preparing the means for making
cryogenic targets for NIF experiments and training the first group of operators, must begin
in 2000. The required ICF operating budget has been planned to grow as the NIF nears
initial operations. This funding will be critical to effective utilization of the facility.

We are very much looking forward to the opportunity to use the NIF to achieve fusion
ignition and burn in a controlled laboratory setting. To succeed will be both a remarkable
achievement and meaningful indicator that stockpile stewardship is working. Like the
design of a nuclear weapon, fusion in the laboratory is an integral experiment that tests the
skills and resourcefulness of the physicists and engineers who will be the nation’s stockpile
stewards in the future. It will measure success in combining advanced simulation and
experimental techniques. Success in fusion ignition experiments will also greatly boost the
value of the NIF as tool for laboratory experiments to address real stockpile problems and
study the physics of nuclear weapon primaries as well as secondaries.

ACCOMPLISHMENTS AND CHALLENGES—NEW TALENT

The Laboratory’s successes in contributing to stockpile stewardship are due to the
efforts of an outstanding, dedicated technical staff at Livermore. Demanding
responsibilities require top-notch people and their expert judgment. We rely on having
highly qualified and experienced people that are motivated by the opportunity to do
something important for the country, technical challenges in their careers, and access to the
tools needed to get the job done.

We face the absolutely crucial challenge of maintaining expert judgment about nuclear
weapons issues. That challenge was recognized from the onset of the Stockpile
Stewardship Program by this committee and those of us engaged in the program, and it has
been very carefully considered by the Commission on Maintaining United States Nuclear
Weapons Expertise (the “Chiles Commission”). The Commission has done an excellent job
of consolidating workforce information across the DOE laboratory and production
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complex. They have correctly pointed out the need for a sustained recruiting and training
effort at the laboratories to supplement our veteran workforce.

For stockpile stewardship to succeed we must move ahead with the program as rapidly
and completely as possible. It is a race against time. Inside the next decade our nuclear-test
veterans will be gone. We are counting on our current cadre of experienced scientists to
help develop and install the new tools only now starting to come on line. The experienced
hands are working with their successors—both training them and evaluating their skills.
Activities such as dual revalidation, weapon physics code development, and life extension
programs are both crucial to immediate stockpile needs and an opportunity for training.
Evaluations of these mentoring efforts are an integral part of the program’s self assessment
of the people and their capabilities in implementing the program.

So far, our efforts to bring fresh talent into the nuclear weapons program at Livermore
have had encouraging results. In FY 1998, we hired more new people into the weapons
program than in the previous two years combined. Moreover, we have increased (and are
taking steps to improve) our recruiting efforts, including the establishment last year of a
prestigious new fellowship program at the Laboratory, the Lawrence Livermore Fellows.
Even so, the three most crucial factors for attracting new talent remain service to the
country, exciting technical challenges, and program stability.

Other factors are also important. The multidisciplinary, multiprogram character of
Livermore increases the diversity of scientists and engineers who are attracted to the
Laboratory. Some of these researchers who have had no initial exposure to the existing
opportunities and challenges are drawn into careers that directly support stockpile
stewardship; others augment the technical base needed for the weapons program even
though their research is focused in other areas; and yet others achieve innovations that lead
to important spin-offs for the weapons program. Secondly, the Laboratory’s association
with the University of California (UC), which includes a variety of joint research projects
with campuses and a branch of UC Davis as well as a number of UC Research Institutes at
the Livermore site, is both attractive to prospective employees and helps to provide a
pipeline of new talent. ASCI’s Academic Strategic Alliances Program also helps by
strengthening U.S. academic programs in high-performance scientific computing and
fostering closer ties with universities, which provide a major source of new talent for the
Laboratory. Finally, Livermore’s Laboratory-Directed Research and Development (LDRD)
Program, which advances science and technology in support of our national security
mission, also provides an important vehicle for bringing new talent to Livermore through
collaborative research and postdoctoral opportunities.

I am optimistic that Livermore will be able to attract and retain the talent the nation
needs to maintain stockpile safety and reliability in the early 21st century. Yet, this is a
matter that needs continuing attention.
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SUMMARY REMARKS

The Stockpile Stewardship Program is working. The program continues on its good
start. It has greatly benefited from strong Congressional support, effective integrated
program planning and implementation, and the dedicated efforts of the many people in the
program, who are working as a team and achieving significant technical accomplishments.
We are executing detailed program implementation plans that depend on strong partnerships
among the laboratories, the production facilities, the Nevada Test Site, and U.S. industry.
Furthermore, formal certification procedures and review processes are in place and
functioning to assure the nation that the stockpile remains safe and reliable in the absence of
nuclear testing. The Secretaries of Energy and Defense provided such assurances in the
third annual certification in December 1998.

The annual certifications depend on scientific activities to demonstrate weapon
performance at the component level and provide integrated assessments of overall
performance. The Stockpile Stewardship Program both backs up the annual certifications
and prepares us for a future in which stockpile assurance will become an even greater
challenge in the absence of nuclear testing. We can point to many specific recent
accomplishments: considerable progress in developing a basis for understanding aging
effects in weapon materials, effective use of the computational and experimental tools we
have in addressing current stockpile issues, and success in the program to extend the
stockpile life of the W87 warhead. Furthermore, as part of the Accelerated Strategic
Computing Initiative (ASCI), we have taken delivery and are using the 3.9-TeraOPS IBM
Blue Pacific supercomputer. In addition, we are proceeding on schedule with the
acquisition of even more powerful computers and the construction of the National Ignition
Facility (NIF). These tools are needed to better assess weapon performance and train the
next generation of stockpile stewards.

The greatest challenges still lie ahead. The demands on the Stockpile Stewardship
Program will continue to grow as weapons in the enduring stockpile continue to age. The
U.S. nuclear weapons stockpile is older on average than it has ever been. The reservoir of
nuclear test and design experience at the laboratories continues to diminish. Program
success depends on bringing into operation scientific capabilities such as ASCI and NIF
while there remain experienced nuclear designers to train the next generation of stockpile
stewards. Maintenance of a safe and reliable nuclear weapons stockpile requires sustained
support for the program from Congress and the Administration. Accordingly, I urge your
strong support of the FY 2000 budget submission for Defense Programs.


